We studied the effects of vigorous rowing training on left ventricular structure and function using M-mode, two-dimensional and Doppler echocardiography in 10 female college rowers. Echocardiographic measurements were performed before and after 20 weeks of rowing training. Diastolic function was also estimated by measuring the isovolumetric relaxation time (IRT), deceleration time (DcT), peak velocity of early diastolic rapid filling flow (Ep), peak velocity of atrial filling flow (Ap) and the Ep/Ap ratio on left ventricular inflow Doppler wave form. The relative contribution of atrial systole to stroke volume was also calculated as the area under the flow velocity profile during atrial systole using the total area of the flow velocity profile. After training there was a significant increase in the left ventricular diastolic dimension (LVDd), posterior wall thickness, left atrial dimension, left ventriculer mass (LVM), LVM index and stroke volume (SV). No significant change in IRT, or DcT was detected after training. Although there was an increase in mean values of Ep, no statistical significance was observed. Training also induced a significant decrease in Ap and the percent of SV contributed by atrial systole, while the ratio of Ep/Ap increased (p<0.01). These results indicate that rowing training increases the LVDd and LVM index without impairment of left ventricular diastolic function in college female rowers. (Jpn Heart J 1998: 39: 411-417) 
SUMMARY
We studied the effects of vigorous rowing training on left ventricular structure and function using M-mode, two-dimensional and Doppler echocardiography in 10 female college rowers. Echocardiographic measurements were performed before and after 20 weeks of rowing training. Diastolic function was also estimated by measuring the isovolumetric relaxation time (IRT), deceleration time (DcT), peak velocity of early diastolic rapid filling flow (Ep), peak velocity of atrial filling flow (Ap) and the Ep/Ap ratio on left ventricular inflow Doppler wave form. The relative contribution of atrial systole to stroke volume was also calculated as the area under the flow velocity profile during atrial systole using the total area of the flow velocity profile. After training there was a significant increase in the left ventricular diastolic dimension (LVDd), posterior wall thickness, left atrial dimension, left ventriculer mass (LVM), LVM index and stroke volume (SV) . No significant change in IRT, or DcT was detected after training. Although there was an increase in mean values of Ep, no statistical significance was observed. Training also induced a significant decrease in Ap and the percent of SV contributed by atrial systole, while the ratio of Ep/Ap increased (p<0.01). These results indicate that rowing training increases the LVDd and LVM index without impairment of left ventricular diastolic function in college female rowers. (Jpn Heart J 1998: 39: 411-417) Jpn Heart J July 1998 RESULTS Height, weight, body surface area, systolic and diastolic blood pressure were similar before and after training, while heart rate was lower before training (Table I) . Echocardiographic data (Table II) : LVDd, LAd and PWTh were significantly higher after training. No difference was detectable in LVDs, IVSTh or left ventricular ejection fraction. Training also induced a significant increase in LVM, LVM/weight, LVM/BSA (m2) and stroke volume (p<0.01). Doppler echocardiography (Table III) : No significant changes in IRT or DcT were detected after training. There was an increase in the mean value of Ep, however, no statistical significance was observed. Training induced a significant decrease in Ap and the percent of SV contributed by the atrial systole, while the ratio of Ep/Ap was increased (p<0.01).
DISCUSSION
It is well known that training in predominantly dynamic sports such as swimming, skiing, and running induces a significant increase in LVd, LV wall thickness and LVM, even though the results vary with respect to the degree of enlargement.14) Wieling et al. 15 ) studied nine freshmen and 14 senior oarsmen undergraduates during seven months of rowing training in order to assess the influence of a combination of heavy dynamic and static exercise on cardiac dimensions using M-mode echocardiographic techniques and reported that the senior oarsmen had a greater left ventricular end-diastolic dimension, and a thicker interventricular septum and posterior left ventricular wall than the freshmen oarsmen at the start of the season. During the training period there was an increase in left ventricular end-diastolic dimension, and interventricular septum and left ventricular posterior wall thickness in freshmen but only the left ventricular end-diastolic dimension increased in seniors. According to these results Wieling et al. suggested that a combination of heavy dynamic and static exercise can thus lead to significant changes in both the left ventricular wall thickness and chamber size, and that the influence of training upon the left ventricular structure depends on the age and physiological status of the subjects involved.
However, Cavallaro et al.8) reported that 5 months of vigorous training induced a significant increase in the LVDd, LVDs and in the LVM index in 15 top-level rowers. Our results, a significant increase in LVDd, PWTh and LVM index, are consistent with these data. Rowing training induces a significant increase in the LVDd and LVM index even in female rowers, while the effects of rowing training on left ventricular structure are dependent on the age, sex and physiological status of the subjects. These increased LVDd and LVM index may allow the heart to generate a larger stroke volume during exercise. 16) The increased left ventricular wall thickness observed in patients affected by hypertensive heart disease or by aortic stenosis is associated with abnormalities of the LV diastole even if the systolic function is preserved. 17, 18) However, the Ep/Ap ratio in athletes' hypertrophied hearts is reported to be normal19-21) or higher22,23) than in healthy sedentary subjects. Nixon et al.2 reported that the Ep/Ap ratio in trained athletes was significantly higher than in the controls at all heart rates during rest, exercise and recovery. To explain this, they as well as other authors suggested that the enhanced diastolic function may be due to an improved calcium flux in the sarcoplasmic reticulum of the trained myocardium. 24) Finkelfor et al. 13) reported that the percent of stroke volume contributed by atrial systole was significantly lower in runners in comparison with normal subjects and speculated that the smaller contribution to stroke volume at rest, which appeared related to their slower heart rate and longer diastolic filling period, could provide an atrial reserve that would be available to maintain or increase stroke volume during exercise.
Recently, Vanoverschelde et al.25) reported that the most powerful parameter as an independent correlate of the maximal rate of total body oxygen consumption (V02 max) was the ratio of early to late transmitral filling velocities (Ep/ Ap) and that the left ventricular diastolic performance contributes significantly to the aerobic capacity of normal subjects.
These data suggest that the higher Ep/Ap ratio in athletes than in the control subjects may favor the adequate filling of the ventricle when the diastolic period gets shorter at higher heart rates.
There are few reports concerning the effect of training on this Ep/Ap ratio in athletes. Cavallaro et al.8) reported that neither the Ep, Ap, nor their ratio changed after 5 months of vigorous training, however, a significant decrease in Ap and a significant increase in Ep/Ap ratio were observed in this study. This difference may be due to several factors such as the age, sex and physiological status of the subjects as well as the training intensity. Further study is needed to clarify the differences in the results.
In any event, our results, a significant increase in the LVDd, LVM index and Ep/Ap ratio, allow the heart of female college rowers to generate a larger stroke volume during exercise due to the increased end-diastolic volume and adequate diastolic filling of the left ventricle.
